The antiphospholipid syndrome (APS) is characterized by the presence of pathogenic autoantibodies against b2-glycoprotein-I (b2GPI). The factors causing production of antib2GPI remain unidentified, but an association with infectious agents has been reported. Recently, we identified a hexapeptide (TLRVYK) that is recognized specifically by a pathogenic anti-b2GPI mAb. In the present study we evaluated the APS-related pathogenic potential of microbial pathogens carrying sequences related to this hexapeptide. Mice immunized with a panel of microbial preparations were studied for the development of antib2GPI autoantibodies. IgG specific to the TLRVYK peptide were affinity purified from the immunized mice and passively infused intravenously into naive mice at day 0 of pregnancy. APS parameters were evaluated in the infused mice on day 15 of pregnancy. Following immunization, high titers of antipeptide [TLRVYK] anti-b2GPI Ab's were observed in mice immunized with Haemophilus influenzae, Neisseria gonorrhoeae, or tetanus toxoid. The specificity of binding to the corresponding target molecules was confirmed by competition and immunoblot assays. Naive mice infused with the affinity-purified antipeptide Ab's had significant thrombocytopenia, prolonged activated partial thromboplastin time and elevated percentage of fetal loss, similar to a control group of mice immunized with a pathogenic antib2GPI mAb. Our study establishes a mechanism of molecular mimicry in experimental APS, demonstrating that bacterial peptides homologous with b2GPI induce pathogenic antib2GPI Ab's along with APS manifestations.
Introduction
The antiphospholipid syndrome (APS) is characterized by a wide variety of hemocytopenic and vaso-occlusive manifestations and recurrent fetal loss associated with autoantibodies directed against negatively charged phospholipids (aPLs), mainly anticardiolipin (aCL) Ab's (1). In the last decade, β2-glycoprotein-I (β2GPI) has become a subject of increasing interest because it was described as the actual target antigen for autoimmune aPLs (2) (3) (4) . The pathogenicity of anti-β2GPI Ab's was demonstrated in naive mice and rabbits (5, 6) . It has been postulated that anti-β2GPI Ab's exert a direct pathogenic effect by interfering with homeostatic reactions occurring on the surface of platelets or vascular endothelial cells as well as the placenta (7) . The factor or factors causing production of aPL-β2GPI in APS remains unidentified. Several indirect arguments support the idea that microbial agents might influence the course of APS, and an association between APS and several microbial pathogens has been documented recently (8) (9) (10) (11) (12) (13) . Microbial agents or viruses can induce autoimmune diseases by a variety of mechanisms (14) (15) (16) . For example, proteins of certain infectious agents can act as polyclonal activators on unique lymphocyte subsets. Viruses can preferentially infect/destroy a particular T cell subset, leading to an imbalance in the immune response. In other instances, infectious agents can upregulate Th1 cytokines, thereby increasing selected expression of molecules such as MHC glycoproteins, as well as activation of costimulatory molecules. Several microbial agents have been found to encode superantigens that can selectively activate subset(s) of T cells. Microbes can also direct the release of cytokines and chemokines, which can act as growth, differentiation, or chemotactic fac-tors for different Th populations and regulate expression of MHC class I and class II molecules (14) (15) (16) . Lastly, microbes can contain chemical structures that mimic
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Previously, using a hexapeptide phage display library, we identified a hexapeptide (TLRVYK) that is specifically recognized by a pathogenic anti-β2GPI mAb named H-3, which causes endothelial cell activation and induces experimental APS (25, 26) . The TLRVYK peptide specifically inhibited, both in vitro and in vivo, the biological functions of the H-3 anti-β2GPI mAb (25) . Employing the Swiss Protein Database, we found a high homology between the TLRVYK hexapeptide and peptidic domain of various bacteria and viruses (Table 1) . Therefore, in the present study we sought to evaluate the pathogenic potential of these epitopemimicking microbial pathogens regarding both serological and clinical features of APS.
Methods
Preparation of bacterial extracts. Bacterial particles were prepared from Haemophilus influenzae, Streptococcus pneumoniae, Shigella dysenteriae, Neisseria gonorrhoeae, Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, tetanus toxoid, and the yeast Candida albicans. The bacteria were washed with PBS, resuspended in lysed buffer (10 mM Tris, pH 7.6, 15 mM NaCl, 1% Triton X-100, 10 mM EDTA) supplemented with protease inhibitor cocktail (Roche Molecular Biochemicals GmbH, Mannheim, Germany), and incubated 20 minutes at 4°C. The cell-free supernatants were recovered by centrifugation of the suspensions at 14,000 cpm for 15 minutes at 4°C. Bacterial DNA and RNA were digested by incubating the supernatants with RNase (1 mg/ml) and DNase (1 mg/ml) at 37°C for 1 hour, sequentially. The protein concentration of the extracts was determined by the Lowry method (Bio-Rad Laboratories Inc., Richmond, California, USA).
The synthetic peptides used in the study. The synthetic peptide CATLRVYKGG, which binds specifically to the H-3 mAb (IC 50 10 -8 ) (25) , was used; the same peptide was used in a scrambled form (TGVGKALYCR) as a negative control. (Bold letters indicate the original hexapeptide.) The peptides were prepared by conventional solid-phase peptide synthesis, using an ABIMED AMS-422 automated solid-phase multiple peptide synthesizer (AVIMED GmbH, Langfeld, Germany). For determination of purity, analytical reverse-phase HPLC was performed using a prepacked-100 RP-18 column (Merck KGaA, Darmstadt, Germany) (25) .
Immunization of mice. Naive BALB/c mice were immunized intradermally with a microbial particle (10 µg/mouse) in CFA and boosted intradermally with the microbial particles in PBS 3 weeks later. For extensive Ab production, a subgroup of mice was subjected weekly intraperitoneally with a microbial particle (50 µg/mouse) in CFA followed by two intraperitoneal booster injections in CFA. The mice were immunized with a microbial pathogen homologous with the TLRVYK hexapeptide (Table 1 ) and with K. pneumoniae, E. coli, and P. mirabilis as negative controls. In addition, since the H-3 anti-β2GPI mAb was originally generated from peripheral blood lymphocytes of a healthy subject immunized with diphtheria and tetanus (27) , an additional group of mice was immunized with tetanus toxoid. The mice were bled every 2 weeks after boost injection, and the presence of mouse aCL, anti-β2GPI, antipeptide(CATLRVYKGG), anti-scrambled peptide(TGVGKALYCR), antiphosphatidylcholine, and anti-dsDNA autoantibodies were determined by ELISA.
Detection of antiphospholipid and anti-β2GPI Ab's. The levels of antiphospholipid Ab's in the sera of the immunized mice, were detected by ELISA. Ninety-six-well ELISA plates (NUNC A/C, Roskilde, Denmark) were coated with 50 µg/ml cardiolipin or phospholipid (Sigma Chemical Co., St. Louis, Missouri, USA) in ethanol or β2GPI (10 µg/ml) in PBS. Following blocking with 3% BSA, mice sera were added at different dilutions and incubated for 2 hours at room temperature. Bound mice Ab's were detected using goat anti-mouse IgG conjugated to alkaline phosphatase (Sigma Chemical Co.) and appropriate substrate. The color reaction was read in Titertrek ELISA reader (SLT Labinstruments GmbH, Salzburg, Austria) at OD of 405 nm. Extensive washing with PBS followed each step.
Detection of anti-dsDNA Ab's. Anti-dsDNA Ab's were detected as follows: polystyrene plates (96-well; Nunc A/S) were coated sequentially with poly-L-lysine (50 µg/ml in water), calf thymus dsDNA (2.5 µg/ml in TBS, treated with S1 nuclease in nuclease buffer at 37°C), and poly-L-glutamate (50 µg/ml). Washing between steps was performed using TBS with 0.05% Tween-20. Following blocking with 3% BSA, mice sera at different concentrations were added for 2-hour incubation at room temperature. The binding was detected as described for antiphospholipid Ab's.
ELISA to detect antipeptide Ab binding. Streptavidincoated plates were incubated with biotinylated peptides (CATLRVYKGG and the scrambled peptide TGVGKALYCR) and blocked with 3% BSA. Mouse sera or affinity-purified mouse antipeptide CATL-RVYKGG Ab's were added at different concentrations. The binding was detected by anti-mouse IgG conjugated to alkaline phosphatase followed by the addition of appropriate substrate.
Peptide biotinylation. Eleven milligrams of resin-bound peptides (Wang-Resin; Calbiochem-Novabiochem AG, Lufelfingen, Switzerland) was suspended in N-methyl-2-pyroidone, and 15 mmol of biotin-N-hydroxysuccinimide (Sigma Chemical Co.), and 15 nmol of di-isopropylethylamine was added to the peptide mixture. After 16 hours, the biotinylated peptides were no longer protected and were cleaved from the resin by a cleavage mixture containing 5% triethylsilan (Fluka Chemie GmbH, Buchs, Switzerland), 5% water, and 90% trifluoroacetic acid (TFA). The cleaved peptides were precipitated with icecold peroxide-free ether, and the pellet was dissolved in water and subsequently lyophilized. Biotinylated peptides were purified by HPLC using prepacked LiChroCart RP-18 column (250 × 10 mm; Merck KGaA), employing a binary gradient formed from 0.1% TFA in H 2 O and 0.1% TFA in 15% acetonitrile in H 2 O.
Fractionation of mouse Ab's on affinity peptide column. CATLRVYKGG affinity peptide column was prepared by adding thiol containing peptide to MBPH [4-(4N-Maleimidophenil)-butyric acid hydrazide-HCl] (22305; Pierce Chemical Co., Rockford, Illinois, USA) and coupling the peptide adduct with CNBr-activated Sepharose-4B (17-0430-01; Pharmacia Biotech AB, Uppsala, Sweden), according to the manufacturer's instructions. Mouse sera, isolated from the different groups of the bacteria-immunized mice, were loaded onto the peptide column. Following washing with PBS, the bound Ab's were eluted with glycine-HCl 0.2 M, pH 2.2. The pH was neutralized with Tris (2 M), and the samples were dialyzed against PBS.
The specificity of the binding of the purified mouse antipeptide Ab's was confirmed by an immunoblot study. Microbial particles were loaded on 12% SDS PAGE in nonreduced condition and transferred to nitrocellulose (NC) paper. Following blocking of the NC with 3% BSA (1 hour at 37°C), the NC samples were incubated with sera (1:100) and isolated from bacteriaimmunized mice before loading on peptide column or with the isolated fractions (20 µg/ml) 4 hours at room temperature. The binding was probed with anti-mouse IgG peroxidase, and appropriate substrate was added.
Competition assays. The affinity-purified antipeptide Ab's, derived from mice immunized with the various microbial pathogens at 50% of the maximal binding activity to the TLRVYK peptide, were preincubated with varying concentrations (0-100 µg/ml) of the studied peptide, or with the same peptide in its scrambled form, overnight at 4°C. The mixture was added to ELISA plates and precoated with streptavidin and the biotinylated TLRVYK peptide. The remaining activity was measured as detailed above, using an anti-mouse Fc fragment conjugated with alkaline phosphatase. The percentage of inhibition was calculated as follows: % inhibition = [(OD control -OD with competitor)/OD control] × 100.
Determination of Ab affinity. The affinity of mouse antipeptide Ab's derived from the different groups of the immunized mice were tested for affinity to β 2 GPI on β 2 GPI-coated plates blocked with 3% BSA. The concentration of the immunoglobulin was 10 µg/ml. The affinity index, which is the molar concentration of NH 4 SCN required to reduce the initial OD by 50%, was determined.
Three-dimensional presentation of β 2 GPI and tetanus toxoid. Three-dimensional Ribbon diagram of the β 2 GPI and partial structure of tetanus toxoid were produced using the program Insight II (MSI Inc., San Diego, California, USA).
Induction of experimental APS by passive transfer. Mouse IgG specific to the relevant peptide, affinity purified from mice immunized with tetanus, H. influenzae, Streptococcus pneumoniae, Shigella dysenteriae, N. gonorrhoeae, or K. pneumoniae (negative control), were used for passive infusion into naive mice. The affinity-purified anti-β2GPI Ab's were infused intravenously into BALB/c mice (40 µg) at day 0 of pregnancy. A control group of mice was infused with an irrelevant mouse IgG. APS clinical parameters (percentage of fetal resorptions, thrombocytopenia, and prolonged activated partial thromboplastin time [aPTT]) were evaluated in the infused mice on day 15 of pregnancy. Platelet counts from individual blood samples were quantified in diluted blood using a single optical cytometer (Coulter Counter HC Plus Cell Control; Counter Electronics Ltd., Basingstoke, United Kingdom). The presence of lupus anticoagulants was evaluated by the prolongation of aPTT in a mixing test (26) , adding 1 vol of plasma from whole blood mixed with sodium citrate 0.123 mol/l in a 9:1 ratio to 1 vol of cephalin and incubating for 2 minutes at 37°C. Another volume of 0.02 M CL was added, and the clotting time was recorded in seconds. Evaluation of pregnancy outcome was performed as follows: the vaginal plugs, indicating mating, were recorded and regarded as day 0 of pregnancy. The mice were sacrificed on day 15 of pregnancy. The percentage index of resorption of embryos in utero was calculated as follows: %R = R/(R + A); the number of resorbed (R) fetuses divided by resorbed and alive (A) fetuses (25) .
Results
The TLRVYK hexapeptide that reacted specifically with the H-3 anti-β2GPI mAb's (25) was screened using the Swiss protein database. A homology was found with different microbial pathogens (Table 2) . Following immunization, all mice developed significant levels of aCL Ab's (Table 1) . Elevated levels of mouse anti-β2GPI and antipeptide (TLRVYK) Ab's were observed, the highest being detected in those mice immunized with H. influenzae, N. gonorrhoeae, or tetanus toxoid ( Table 2 ). The mouse autoantibodies bound β2GPI differentially in a dose-dependent manner (Figure 1) . The group of mice immunized with a peptide-unrelated gram-negative bacteria (K. pneumoniae), as well as E. coli and P. mirabilis (data not shown), had undetectable levels of aCL Ab's as well as anti-β2GPI Ab's. No evidence for thrombocytopenia or prolongation of aPTT was observed in the mice actively immunized with microbial particles. Mouse antipeptide (TLRVYK) Ab's, originated from sera of mice immunized with microbial and tetanus toxoid particles, were affinity purified on a peptide column and characterized. Maximal affinity of antipeptide Ab's were determined in the sera derived from mice immunized with H. influenzae, N. gonorrhoeae, or tetanus toxoid to the peptide and are presented in Figure 2 , whereas antipeptide Ab's derived from mice
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The immunized with C. albicans, Streptococcus pneumoniae, and Shigella dysenteriae had low affinity binding to the peptide (Figure 2 ). The specificity of recognition of microbial particle or tetanus toxoid by the affinity-purified mouse antipeptide (TLRVYK) Ab's was studied by competition assays (Figure 3 ) and immunoblot analysis (Figure 4) . Highly significant inhibition of TLRVYK peptide binding by mouse antipeptide (TLRVYK) Ab's derived from H. influenzae-, N. gonorrhoeae-, or tetanus toxoid-immunized mice, compared with scrambled peptide as a control, is presented in Figure 3 (77% to 89% vs. 5% to 9% at 12.5 µM of competitor; P < 0.001 for all three). Antipeptide Ab's originated from C. albicans, Shigella dysenteriae, and Streptococcus pneumoniae showed no significant competition at concentration of 12.5 µM of TLRVYK peptide (P > 0.05), although at higher concentrations of competitor (100 µM) some degree of competition could be observed, yet was not significant (38% to 47%, P > 0.05, compared with 27% to 39% inhibition by the scrambled peptide at the same concentration, data not shown). The specificity of recognition of H. influenzae, N. gonorrhoeae, or tetanus toxoid particles, by the corresponding affinity-purified antipeptide Ab's, was confirmed by immunoblot studies (Figure 4) . Sera from mice immunized with H. influenzae, N. gonorrhoeae, or tetanus toxoid showed wide binding to different molecular-weight structures and low binding to the relevant protein (lanes A, C, and E, respectively; see Table 1 for details of specific microbe-associated proteins). Affinity-purified antipeptide Ab's from the same origin showed specific binding (e. Table 1 for references of each microbe-specific protein). No recognition of a specific structure by antipeptide Ab's derived from C. albicans-, Shigella disenteriae-, or Streptococcus pneumoniae-immunized mice was detected (data not shown).
Naive BALB/c mice were infused with affinity-purified mouse antipeptide Ab's originated from mice immunized with the various microbial particles. Mice that were infused with antipeptide Ab's derived from mice immunized with H. influenzae, N. gonorrhoeae, or with tetanus toxoid developed the clinical manifestations of experimental APS. These mice had an elevated percentage of fetal loss (17% ± 2% to 48% ± 3% vs. 4% ± 1% to 7% ± 2%; P < 0.001), thrombocytopenia (497 ± 98 to 603 ± 142 vs. 918 ± 216 to 1,012 ± 214 cells/mm 3 × 10 3 ; P < 0.01), and prolonged aPTT (48 ± 6 to 69 ± 4 seconds vs. 22 ± 2 to 27 ± 4 seconds; P < 0.01), similar to the positive control group of mice immunize with the pathogenic H-3 anti-β2GPI mAb (26) ( Table 3) .
Pathological findings. Female mice immunized with tetanus toxoid, Shigella dysenteriae, Streptococcus pneumoniae, H. influenzae, C. albicans, or N. gonorrhoeae, as well as female mice that received antipeptide Ab's from mice immunized with the same microbial pathogens, were studied for the presence of pathological findings in the lungs, brain, heart, kidneys, or liver. Each group consisted of five mice. In addition, male mice that received antipeptide Ab's from mice immunized with the same microbial pathogens were studied as well. No thrombosis was detected in all the groups of mice. No pathology was found in the brain, lungs, heart, kidneys, or the liver of the mice that were passively transferred with antipeptide Ab's, either females or males. Several nonspecific pathological findings in some organ systems were observed in mice immunized with the bacterial extracts. These included peribronchial mononuclear infiltration and focal glomerulonephritis in mice immunized with tetanus toxoid, periportal 
Discussion
In the present study we show, we believe for the first time, that a spectrum of experimental APS can be induced by immunization with certain microbial pathogens that share epitope homology with the β2GPI molecule. Pathogenic anti-β2GPI Ab's directed against the TLRVYK epitope were formed in mice that were immunized with H. influenzae or N. gonorrhoeae that exhibit the TLRVYK sequence. The same anti-β2GPI Ab's were generated in mice immunized with tetanus toxoid. The elution of tetanus-immunized mice sera on the IgG TLRVYK peptide column indicates that tetanus toxoid, while not presenting the linear TLRVYK sequence, conformationally mimics it, i.e., a mimotope. The formed anti-β2GPI Ab's proved pathogenic and capable of inducing the clinical picture of experimental APS, manifested by high percentage of fetal loss, thrombocytopenia, and prolonged aPTT. Previously, aPLs have been documented in a large number of infectious diseases, including viral, bacterial, spirochetal, and parasitic infections (8) . Several groups classified aPLs as either "pathogenic" Ab's (autoimmune type), whose binding to their respective aPL is enhanced by the β2GPI cofactor, or the "infectious" type (i.e., the nonthrombogenic aPLs), which bind cardiolipin without requiring β2GPI (2, 28, 29) . This classification, however, is challenged by other reports. Hojnik et al. (30) found increased levels of anti-β2GPI Ab's in a significant proportion of leprotic patients, an observation that was confirmed by other investigators who indicated that these β2GPI-dependent aPLs were associated with thrombosis in leprosy (31) . In another study, parvovirus B19-associated aCL Ab's were shown to be β2GPI dependent and behaved in a fashion similar to the autoimmune aPLs (32) . Furthermore, some cases of viral hepatitis C-associated aPLs have been reported to be complicated with thrombosis (33) . Although the incidence and clinical significance of β2GPI-dependent aCL Ab's and anti-β2GPI Ab's in infectious diseases remains largely unknown, it is possible that infections might trigger the development of pathogenic anti-β2GPI Ab's, conceivably by molecular mimicry, and thus promote the development of APS, particularly in predisposed individuals. Recently, employing the shotgun phage display technique, Zhang et al. (34) identified a Staphylococcus aureus protein, Sbi, which binds β2GPI and serves as target molecule for IgG binding. It was also shown that protein Sbi, and thus the β2GPI-binding potential, is expressed on the staphylococcal cell surface at levels varying between strains (34). Further support for epitope mimicry as possible mechanism for APS development comes from a recent study of Gharavi et al. (35) . Synthetic peptides that share structural similarity with the putative phospholipidbinding region of the β2GPI molecule, and share high homology with cytomegalovirus, were able to induce aPLs and anti-β2GPI Ab's in NIH/Swiss mice (35) . Nevertheless, the emergence of mouse autoantibodies was not accompanied by clinical features of APS; i.e., the anti-β2GPI Ab's were nonpathogenic. In contrast to these nonpathogenic anti-β2GPI Ab's directed against the putative phospholipid-binding region of the β2GPI molecule, i.e., an epitope located in the fifth domain of the β2GPI molecule, the pathogenic anti-β2GPI in our study is directed against the third domain-located TLRVYK epitope (36) . Recently, the TLRVYK peptide was shown by us as the target epitope for the pathogenic H-3 mAb (25) . Our current data demonstrate that this target molecule, also mimicked by several microbial pathogens, is responsible for a generation of pathogenic anti-β2GPI Ab's as shown by the in vivo studies. Further studies, conceivably employing β2GPI-knockout mice, can contribute in further clarification of in vivo mechanisms involved in the effect of the pathogenic
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Figure 4
Binding of sera or affinity-purified antipeptide Ab's to bacterial extracts or to tetanus toxoid. Binding of sera derived from mice immunized with H. influenzae, N. gonorrhoeae, or tetanus toxoid at sera dilution of 1:20, are described in lanes A, C, and E, respectively. Antipeptide Ab's affinity purified from the same immunized mice are described in lanes B, D, and F, respectively.
anti-β2GPI Ab's (37) . Since the mouse anti-TLRVYK Ab's are directed against an epitope located on the third domain of the β2GPI molecule, deficiency of this molecule may block the induction of the disease. Not all the homologous microbial pathogens in our study could provoke in vivo generation of pathogenic anti-β2GPI Ab's capable of inducing experimental APS (Streptococcus pneumoniae, Shigella dysenteriae, and C. albicans), despite development of anti-β2GPI. Part of the difference between the pathogenic potential of the bacteria-induced anti-β2GPI Ab's may be explained by the variability in recognition of the β2GPI molecule by the Ab's. Characterization of the mouse antipeptide Ab's derived from the different groups of bacteria/yeast-immunized mice, using competition assays and affinity studies to the peptide, revealed differences in the binding to β2GPI or in the competition with the relevant peptide (Figure 2 and Figure 3 , respectively). The apparent diversity of the antipeptide Ab's may be a result of a partial recognition of the amino acids of the peptide by the different populations of the affinity-purified immunoglobulins, which might reduce the capability of recognition. Indeed, it is evident from the immunoblot analysis that while antipeptide Ab's originating from mice immunized with H. influenzae, N. gonorrhoeae, or tetanus toxoid ( Figure 5 ) recognized the relevant peptides associated with each bacteria, antipeptide Ab's induced by Streptococcus pneumoniae, Shigella dysenteriae, or C. albicans showed no specific recognition ( Figure 4 , Table 1 ). Further studies, employing synthetic peptides in which one or more amino acids are replaced, will help to identify specific amino acids that contribute to the full recognition of TLRVYK by antipeptide Ab's from the different sources.
Following active immunization with various microbial particles, anti-β2GPI Ab's were produced, yet no APS manifestations could be observed in the immunized mice. Nonetheless, passive infusion of the affinity-purified anti-β2GPI from the later mice induced experimental APS in another set of naive mice. Several factors probably accounted for the reduced APS pathogenicity of the bacterial-extracts immunization. Not all the antipeptide Ab's induced by the bacterial immunization were pathogenic, as evident by the results of the antipeptide infusion into the naive mice. Furthermore, these Ab's were produced in low titers ( Table 2 ). The pathogenic potential of the Ab's was probably further reduced by the generation Figure 5 Three-dimensional Ribbon diagram of the β2GPI (a) and partial structure of tetanus toxoid (b). The peptide TLRVYK and the relevant mimicry on a tetanus toxoid partial molecule are emphasized in dark gray.
Table 3
APS manifestations in mice infused with anti-β2GPI autoantibodies originated from mice immunized with specific bacteria/yeast Origin of anti-β2GPI from mice immunized with H-3 mAb SP SD HI NG CA KP TeNT n = 15 n = 7 n = 7 n = 12 n = 10 n = 8 n = 12 n = 14
Platelet count 438 ± 103 918 ± 216 1,012 ± 214 527 ± 126 603 ± 142 994 ± 221 998 ± 112 497 ± 98 (cells/mm 3 × 10 3 ) P < 0.02 P > 0.05 P > 0.05 P < 0.02 P < 0.04 P > 0.05 P > 0.05 P < 0.02 aPTT (sec) 61 ± 5 27 ± 4 23 ± 3 59 ± 5 48 ± 6 22 ± 2 23 ±3 69 ± 4 P < 0.03 P > 0.05 P > 0.05 P > 0.05 P > 0.05 Fetal resorption 34% ± 4% 6% ± 1% 4% ± 2% 28% ± 3% 17% ± 2% 7% ± 2% 4% ± 1% 48% ± 3% P < 0.03 P > 0.05 P > 0.05 P < 0.05 P > 0.05 P > 0.05 P > 0.05 P < 0.02
K. pneumoniae was used as a negative control of TLRVYK-unrelated bacteria, and H-3 mAb served as a positive control. BALB/c mice were infused with 40 µg affinity-purified anti-β2GPI Ab's from mice immunized with bacteria/yeast intravenously at day 0 of pregnancy (determined by the presence of vaginal plugs). Mice infused with an irrelevant mouse IgG showed 7% ± 2% of fetal resorption, platelet count of 1,037 ± 217 cells/mm 3 × 10 3 , and aPTT of 23 ± 1 second, and served as control. SP, Streptococcus pneumoniae; SD, Shigella dysenteriae; HI, H. influenzae; NG, N. gonorrhoeae; CA, C. albicans; TeNT, tetanus toxoid; KP, K. pneumoniae.
of a wide panel of irrelevant Ab's associated with a multitude of bacterial antigens exposure, deviating the immune response into "irrelevant" pathways, as exemplified by the multiple nonspecific pathological findings in various organ systems in the immunized mice.
In conclusion, our study supports a mechanism of molecular mimicry in induction of APS, demonstrating that β2GPI-structure homologous bacteria are able to induce pathogenic anti-β2GPI Ab's, and when purified and concentrated can lead to APS manifestations. Our results also identify the third domain-located TLRVYK epitope as one of the epitopes responsible for pathogenic anti-β2GPI generation.
